Abstract Herpes zoster is a common disease among older individuals, affecting approximately 25% of people in their lifetime and resulting in appreciable morbidity. The risk of zoster increases sharply with age and immunosuppression, yet relatively little is known about other risk factors for zoster. A vaccine for zoster is now available that holds the potential to reduce incidence of zoster and its complications. In this review, the recent literature on zoster incidence and potential risk factors for the disease are summarized. Current methods of preventing zoster and its associated morbidity are discussed, including zoster vaccine and the use of antivirals.
Introduction
Herpes zoster is a common disease among older individuals, with a lifetime risk of 10% to 30% that rises to 50% among those living to ≥85 years [1•] . It is caused by the reactivation of latent varicella zoster virus (VZV), which can lie dormant for many decades after varicella (chickenpox) infection. Reactivation is thought to result from waning cellmediated immunity. Zoster typically presents as a painful unilateral vesicular dermatomal rash ( Fig. 1 ) that causes acute morbidity lasting between 2 weeks and 1 month [2] .
The most common complication of zoster is post-herpetic neuralgia (PHN), which develops in around 20% of individuals aged ≥50 years [3] . PHN is often defined as pain persisting for >90 days after the onset of the rash; the pain can be very severe and remain for years [4] . Although zoster is rarely fatal, the pain associated with the acute phase of the disease and subsequent PHN significantly reduces quality of life [5] . Other rarer complications of zoster, such as cranial and peripheral nerve palsies [6] , encephalitis and myelitis [7] , and stroke [8, 9] , have been described but few data exist about the frequency and severity of these complications.
There are two main reasons to present an update of the epidemiology and prevention of zoster. Firstly, zoster predominantly affects older populations, and with an increasingly aging population, it is likely to become increasingly common. Secondly, a vaccine to prevent zoster has recently been introduced for adult immunocompetent individuals in the United States and Australia, so this is an exciting era for zoster epidemiology and warrants increased research focus.
In this review, we summarize the literature on zoster, using key articles and reviews up to 2003 with more detailed investigation of recent research. We cover incidence of zoster and risk factors for the disease. Current methods for preventing zoster and its associated morbidity are discussed, including antivirals and the recently developed vaccine. Important unanswered clinical questions identified during the review are listed in Table 1 .
Epidemiology

Incidence
Incidence in General Population
A systematic review published in 2004 found the overall incidence of zoster among immunocompetent subjects ranged from 1.2 to 4.8 per 1000 people per year [1•] ; recent studies from the United States [10, 11] and France [12] have also reported disease incidences within this range. The incidence of zoster increases markedly with age, with estimated incidences of up to 14.2 per 1000 people per year in those aged ≥50 years in the United States [1•], the United Kingdom [3] , Italy [13] , and Germany [14] .
Incidence Among Immunosuppressed
The incidence of zoster among people with a generalized loss of cell-mediated immunity either from immunosuppressive disorders, such as HIV and cancer, or from the use of immunosuppressive therapies is much higher than in the general population, with incidence rates ranging from 14.5 to 53.6 per 1000 person-years [15] [16] [17] [18] [19] [20] . In a retrospective cohort study using the Veteran Affairs administrative databases in the United States, the rate of zoster following a solid organ transplant was estimated at 22 per 1000 person-years overall, with higher rates seen among African American patients (37.6 per 1000 person-years) and heart transplant patients (40 per 1000 person-years) [17] .
The incidence of zoster among patients on biologic drugs is of interest due to the increased use of these drugs and their potential impact on cellular immunity. A retrospective cohort study in Israel among psoriasis patients found zoster incidence was higher among patients treated with biologics such as infliximab (19.1 per 1000-person-years) compared to patients not on systemic therapy (4.6 per 1000 personyears) [21] , but the difference in incidence did not reach statistical significance. Data from registries of patients with rheumatic diseases treated with biological agents in Spain [22] , Germany [23] , and France [24] suggest an increased risk of zoster when these patients are treated with monoclonal antibody-tumor necrosis factor (TNF) inhibitors. However residual confounding may contribute to these findings. A longitudinal study from the United States of patients in the National Data Bank for Rheumatic Diseases found biologics were not a risk factor for zoster [25] , whereas a retrospective cohort study using an American administrative data source of people with rheumatoid arthritis reported those taking biologic therapy were at higher risk of zoster (adjusted odds ratio [OR] 1.54; 95% CI, 1.04-2.29) compared to patients not taking disease-modifying drugs or corticosteroids (but those taking oral corticosteroids were at even higher risk (adjusted OR 2.51; 95 CI, 2.05-3.06)) [26] . Disentangling risk associated with disease severity and impact of therapy remain challenging.
Recurrent Incidence
It is widely believed that second episodes of zoster are very uncommon, except among immunosuppressed individuals for whom recurrent zoster is well described. Therefore, a surprising finding from a recent population-based, retrospective cohort study in Minnesota was that of 1530 individuals diagnosed with zoster and deemed "immunocompetent" at the time of diagnosis, a second zoster episode was recorded in 5.7% in the subsequent 8 years [27] . Misclassification of immune status is possible in this study: immune status was determined only at the time of the first zoster episode and individuals with HIV infection who had not yet developed AIDS-defining illnesses and those taking low doses of systemic corticosteroids (<5 mg/d) were deemed immunocompetent. Thus, the immunocompetent group may have included some individuals with moderate immunosuppression at baseline as well as some who became immunosuppressed during follow-up [27, 28] . In addition, a small proportion of the clinically diagnosed zoster cases could have had herpes simplex rather than zoster. Research using larger datasets and more detailed characterization of immune status over time would be useful to confirm these findings. As expected in What is the risk of zoster among older patients with specific co-morbidities?
Can newer antiviral agents, such as famciclovir and valacyclovir, reduce the duration and severity of post-herpetic neuralgia?
What is the absolute risk of zoster directly related to treatment with biologic medications? What approach should clinicians take regarding interruption of therapy in patients receiving biologics to administer the live zoster vaccine? the Minnesota study, risk of recurrent zoster was almost three times higher among the 139 immunosuppressed patients compared to those classified as immunocompetent (hazard ratio [HR] 2.80; 95% CI, 1.84-4.27).
Temporal Changes in Incidence
Despite an expectation that aging populations and increasing use of immunosuppressive therapies during the course of the 20th century could have caused an increase in occurrence of zoster, reports of temporal changes in zoster incidence are conflicting [1•] . Interest in trends in zoster incidence over time heightened after the introduction of the varicella vaccine because of concerns that by removing exogenous boosting of VZV immunity from varicella contacts [29] , zoster incidence could rise among older unvaccinated individuals with latent VZV infection [30] .
Varicella vaccine became available in the United States in 1995 for healthy children aged over 12 months, susceptible adolescents, and adults. Vaccine uptake in the United States was slow during the first 5 years but increased from 68% in 2000 to 89% in 2006 among 19-to 35-month-old children [31] . Studies of the impact of introduction of the varicella vaccine on zoster incidence have shown inconsistent findings. Jumaan et al. [32] report no increase in zoster incidence between 1993 and 2002 among patients enrolled with a health insurance organization in Washington state [32] . In contrast, two further US studies report increases in zoster incidence rates following varicella vaccination. A telephone survey in Massachusetts found an increase in zoster incidence from 2.77 to 5.25 cases per 1000 people between 1999 and 2003 [33] . A study using the Veterans Administration database reported that between 2000 and 2007 (when vaccine coverage was higher), zoster increased from 3.10 to 5.22 episodes per 1000 people aged ≥40 years, although rates per year were not standardized for age [34] . Interpretation of the impact of the vaccine on zoster also has to consider background trends in zoster incidence. A further US study described greater increases in zoster incidence rates before varicella vaccine licensure compared to post-licensure periods, although interpretation was complicated by exclusion of Medicare enrollees (ie, older individuals receiving Medicare health insurance) from the earlier estimate [31] . As most older individuals in the US are enrolled in Medicare and the majority of zoster episodes occur in this age group, the true incidence rates may be distorted. Increases in zoster incidence prior to varicella vaccine introduction have also been described in Canada [35] , Australia [36] , and Spain [37] . Whether population-based varicella vaccination affects zoster incidence remains controversial.
Risk Factors for Herpes Zoster
Any factor impacting on VZV-specific or general cellmediated immunity may affect risk of zoster. However, beyond the two key risk factors of age and immunosuppression, relatively little is known. Potential risk factors for zoster are outlined below.
Factors Affecting General Cell-Mediated Immunity
Age
The most important risk factor for zoster is increasing age, with incidence rates rising among older individuals (see above). This is likely to be due to immunosenescence (the generalized waning of cell-mediated immunity over the life course), which puts individuals at greater risk of many infections [38] , as well as waning of VZV-specific immunity with increasing time since primary infection.
Immunosuppression
As discussed in the section on zoster incidence, the incidence of zoster among patients with immunosuppressive diseases is far greater than among the general population. Patients with HIV have up to 10 times the risk of developing zoster compared to the general population [18] , and in specific young African populations, the positive predictive value (PPV) for underlying HIV infection when zoster is present is 85% to 90% [39, 40] . The PPV will vary depending on HIV prevalence in the population; reported PPVs of zoster for HIV vary from 3.7% in Brazil to 91% in a Ugandan study population [41, 42] . The risk of zoster is also markedly increased among those with leukemia, lymphoma, and metastatic malignancies and among those with selected autoimmune disorders, although disentangling immunosuppression related to disease pathology from immunosuppressive therapies for these conditions (discussed below) is challenging [15, 26, [43] [44] [45] [46] [47] . Recent studies have indicated that diseases associated with less marked immune suppression may also increase the risk of zoster. A retrospective hospital-based cohort study in Japan showed an increased risk of zoster among diabetic patients (HR 2.38; 95% CI, 2.04-2.78) [48] as did a nested case-control study from Israel (OR 1.53; 95% CI, 1.44-1.62) [49] . Chronic obstructive pulmonary disorder (COPD) has also been associated with increased risk of zoster, again possibly reflecting the therapies used [50] . Although the magnitude of the risk is smaller than among patients with severe immunosuppression, the high prevalence of common diseases means that the absolute number of people affected may be significant.
Increased zoster incidence is also reported in specific highrisk groups with iatrogenic immunosuppression following treatment with cytotoxic drugs or therapies affecting the immune response. The increased risk of zoster identified among individuals with COPD or with autoimmune disorders such as rheumatoid arthritis, Wegener's granulomatosis, or systemic lupus erythematosus mentioned above may partly reflect use of corticosteroids or disease-modifying drugs. Recent observational data from a German and Spanish biologics registry has suggested additional increases in zoster incidence related to use of monoclonal drugs inhibiting TNF-α in rheumatoid arthritis treatment [22, 23] , consistent with findings from randomized controlled trials and observational studies in large databases in the United Kingdom and United States. Findings from psoriasis biologic registries are awaited to identify the long-term effect of biologic therapies on zoster risk. Although the relative risk among people with major immunosuppression from specific diseases and/or therapeutic interventions is high, these individuals account for <10% of cases with zoster in most population-based studies [10, 51] from Europe and North America.
Gender
Thomas and Hall's [1•] systematic review suggested that female sex may be a risk factor for zoster. Subsequent studies from the United States, United Kingdom, Italy, France, and Germany have reported significantly higher incidence rates among women [3, 10, [12] [13] [14] . It is unclear to what extent the reported increased incidence rates in women reflect a bias due to differences in health-seeking behavior as opposed to biological mechanisms affecting cell-mediated immunity that could put women at higher risk [1•].
Diet, Smoking, and Alcohol Use
Diets low in micronutrients may increase zoster risk by diminishing cell-mediated immunity and hastening immunosenescence among older individuals. A UK case-control study found no association between intake of single micronutrients and risk of zoster; however, among individuals aged ≥60 years, combined low micronutrient intake and low vegetable intake were associated with increased risk of zoster, as was lower fruit intake (at all ages) [52] . These results suggested that a mixture of nutrients in the diet may be necessary to maintain immune system health. Accurate measurement of micronutrient and diet intake is notoriously difficult; however, the study found strong dose-response associations that give credence to the findings.
Smoking and alcohol can affect cell-mediated immunity [53, 54] , although no studies have been specifically designed to look at their effect on zoster risk. A cohort study in North Carolina found smoking was associated with a markedly lower risk of zoster [55] , whereas another study using routine data from UK general practices from 1991 to 92 found no association between smoking and zoster risk [1•] .
Stress
Stress may increase risk of zoster as it affects a number of neuroendocrine functions that can affect cell-mediated immunity [56] . A case-control study in North Carolina found stressful life events were more common in zoster cases within the 6 months prior to rash onset than in agematched controls (2.64 vs 1.82 events; P00.008), although recall bias may have contributed to this finding [57] . Analyses of the same population using a cohort study design found some evidence that negatively perceived life events were weakly associated with risk of subsequent zoster (risk ratio [RR] 1.38; 95% CI, 0.96-1.97), although the study lacked power to detect a significant effect [55] . A retrospective cohort study in Taiwan found patients with a psychiatric illness were more likely to have an episode of zoster (HR 1.29; 95% CI, 1.18-1.38) [58] , which may reflect increased stress among these patients.
Factors Affecting Varicella Zoster Virus-Specific Immunity
Age at Primary Infection
Individuals acquiring varicella later in life have been hypothesized to be at lower risk of zoster as their immunity to VZV may last to older ages. No published studies have looked at this hypothesis directly, but country of birth has been taken as a proxy for age at varicella infection. Typically, in temperate areas, varicella onset is during childhood, whereas onset is often delayed until adolescence or even adulthood in some tropical areas such as southern India, Sri Lanka, and the Caribbean. Late varicella acquisition has been suggested as the reason why people of black ethnicity in a US study of older individuals had around one third the risk of zoster compared with those of white ethnicity (OR 0.35; 95% CI, 0.24-0.51) [55] .
There is also some evidence that very early acquisition of varicella, in utero or in early infancy, may increase the risk of zoster during childhood and adolescence, perhaps because the immune system is not able to establish VZV immunity at such a young age [59] .
Varicella Contacts
Hope-Simpson [29] hypothesized in 1965 that exposure to individuals with varicella could naturally boost VZV-specific immunity in individuals with latent VZV infection and thus could protect against zoster [29] , leading to the concern, as outlined in the section on zoster incidence, that population-based varicella vaccination might lead to changes in the incidence of zoster. Hope-Simpson's theory has been supported by a UK population-based case-control study of incident zoster cases and age-and sex-matched controls. The study found increasing protection against zoster with increasing number of varicella contacts in the 10 years before zoster, and a similar association with child contacts (used as proxies for unrecognized varicella contacts) [1•] . In contrast, a recent US case-control study of individuals interviewed 2 months to 5 years after zoster diagnosis found no evidence that varicella contacts or child contacts protected against zoster [60] . Even participants with three or more varicella contacts over the past 10 years were not associated with a significantly increased risk of zoster compared with participants with no contacts (OR 1.37; 95% CI, 0.82-2.27). However the incidence of varicella at the time of the US study was low in comparison to that in the UK study, due to the US population-based varicella vaccination program. Few participants in the US study had more than two contacts with varicella in the previous 10 years (2% of controls compared with 17% of controls in the UK study), and some of these contacts could have been mild cases of breakthrough varicella in vaccinated children. Thus, participants in the US study perhaps had insufficient exposure to varicella to provide exogenous boosting.
Other Risk Factors
Genetics
The possibility of genetic susceptibility to zoster and its associated morbidity has some support from genetic association studies. Zoster cases in Finland and Korea were more likely to carry certain polymorphisms of the interleukin-10 gene, an immunomodulatory cytokine that suppresses cell-mediated immunity, compared to healthy controls [61, 62] . A study in Japanese zoster patients also found an association between human leukocyte antigens (HLA) haplotypes and PHN cases [63] . Two case-control studies using family history of zoster as an indicator for genetic susceptibility to zoster found opposing results. Hicks et al. [64] reported finding a family history of zoster more commonly among incident zoster cases in the United States compared to controls with other skin diseases, whereas Gatti et al. [65] found no difference in family history of zoster between cases with PHN and controls without a history of zoster presenting with hypertension in Italy. Further research is needed to clarify whether there is inherited susceptibility to zoster or to PHN among those who develop zoster.
Mechanical Trauma
Mechanical trauma has long been thought to be a risk factor for zoster, based largely on case reports. A case-control study published in 2004 found that mechanical trauma in the 6 months before rash onset was associated with an eightfold increased risk of zoster at the site of the trauma (OR 8.02; 95% CI, 2.24-28.69), and trauma within 1 month before rash onset was associated with a 12-fold increased risk (OR 12.07; 95% CI, 1.49-97.63) [66] .
Immunotoxin Exposure
A cross-sectional study in the United States of people living close to a pesticide dump site found those living closer to the dump were more likely to report a history of zoster; however, the sequence between zoster events and residence near the dump was not ascertained [67] .
Prevention
Vaccine
The zoster vaccine has been a significant breakthrough in this field. The live-attenuated VZV vaccine works by boosting pre-existing cell-mediated immunity, providing protection against zoster and PHN. It was initially shown to be efficacious in the Shingles Prevention Study (SPS), a US-based randomized, double-blind, placebo-controlled trial among 38,546 individuals aged 60 years and older, in which it reduced the incidence of zoster by 51% and PHN by 67% [68•]. Vaccine effectiveness was subsequently shown in a retrospective cohort study of 75,761 vaccinated individuals insured by the Kaiser Permanente health plan in California, with each matched to three unvaccinated controls; the incidence of zoster was reduced by 55% among individuals over 60 years of age [69•] . Using population-based data in Canada, the estimated number of 65-year-old individuals needed to vaccinate to prevent a case of zoster and a case of PHN is 11 (90% CI, 10-13) and 43 (90% CI, 33-53) [70] .
The US Advisory Committee on Immunization Practices (ACIP) recommends routine vaccination among all persons over 60 years of age, excluding patients with major immunosuppression or those with an allergy to any vaccine components [71] . In the context of dermatology clinics, the vaccine should not be given to individuals receiving highdose prednisolone and safety is unknown in relation to biologic drugs, for which the ACIP recommends vaccinating those in target age groups at least 1 month prior to commencement of treatment in the absence of contraindications. A US observational study assessing the use of zoster vaccination in older individuals with inflammatory and autoimmune diseases identified 32 patients taking biologic drugs at the time of zoster vaccination; none developed zoster in the subsequent month [72] . Research using Medicare data from 2006 to 2009, currently available in abstract form only, report that among 387 biologic users there were no cases of zoster in the 6 weeks following zoster vaccine administration [73] . Further testing in a clinical trial is required before acceptable safety margins for the use of the live zoster vaccine in patients receiving biologics can be given or specific recommendations on safe intervals for temporary discontinuation of therapy prior to administration. The current literature does not provide clear answers regarding safety in individuals taking other immunosuppressants. The vaccine has also been introduced in Australia. Although the vaccine has not yet been introduced in the United Kingdom, the Joint Committee on Vaccinations and Immunisations (JCVI) has recommended that the zoster vaccine be introduced for immunocompetent individuals aged 70 to 79 years [74] .
Vaccine side effects were assessed in 97% of the study participants in the SPS and the frequency of serious adverse events within 42 days of inoculation was the same in vaccinated (1.4%) and placebo groups (1.4%) [68•] . A further substudy of 6616 SPS participants (3345 vaccinated and 3271 placebo) gathered more detailed information on shortterm events and hospitalizations over the entire follow-up period [75] . Local side effects at the inoculation site (eg, erythema, pain, swelling, rash, and pruritus) were more frequently reported in vaccinees (48%) than the unvaccinated group (16%), and having ≥1 inoculation-site adverse event was more common among those aged 60 to 69 years (56.6%) compared to individuals aged ≥70 years (39.2%). However, events were rarely long lasting or severe. Longer-term followup showed rates of hospitalization and death did not differ between the two groups [75] .
Modelling work has suggested that zoster vaccine is costeffective. Using data from the SPS and population-based data from Canada, Brisson et al. [76] suggested the most costeffective strategy was vaccinating adults aged 65 to 75 years, with the main cost benefits being reduced PHN morbidity. One of the main challenges in calculating cost-effectiveness is uncertainty regarding duration of vaccine efficacy, due to the short duration of the SPS trial (mean follow-up of SPS was 3.4 years) [76] . The US Food and Drug Administration have also recently expanded the age range for the zoster vaccine to individuals aged 50 to 59 years on the basis of a large unpublished, multinational, randomized controlled trial showing efficacy of 70% in terms of reduction of incident zoster; further observational data of vaccine effectiveness are awaited from this age group, and previously discussed ACIP recommendations remain unchanged [77] .
Despite the efficacy of the vaccine, its uptake in the US target population has been disappointing. Data from a US household survey from 2007 found 1.9% of adults aged 60 years and older were vaccinated against zoster, rising in 2008 to 6.7% [78] . In 2008, rates were lower among Hispanics (2.1%) and non-Hispanic blacks (2.5%) than nonHispanic whites (7.6%). Both patient and provider barriers have been suggested as explanations for the low uptake of the zoster vaccine, such as the high vaccine cost, complex methods for reimbursement, and requirement for freezer storage [79, 80] .
Vaccination coverage levels could be higher if the zoster vaccine was given at the same time as other vaccines. In December 2009, the US Food and Drug Administration stipulated that the zoster vaccine should not be given concurrently with the pneumococcal vaccine, after results from a randomized, double-blind, placebo-controlled trial by the manufacturer on 473 individuals aged ≥60 years found VZV antibody levels were lower among patients receiving concomitant zoster and pneumococcal vaccinations compared to those receiving the zoster vaccine 4 weeks after pneumococcal vaccine (VSV geometric mean titers ratio [concomitant/ non-concomitant] 0.70; 95% CI, 0.61-0.80) [81] . A retrospective cohort study in a US state compared incidence rates of zoster, rather than antibody levels, over a 3-year period among individuals receiving both vaccines either concomitantly (n07187) or with at least a 30-day gap (n07179). The study found no difference in the incidence of zoster between the groups (HR 1.19; 95% CI, 0.81-1.74) [82] . The authors suggested that a thorough assessment be undertaken before introducing rules placing barriers on administration of the zoster vaccine, especially considering its low uptake.
Antivirals
Antivirals are used to limit pain of an acute zoster episode, and some evidence suggests they might also reduce the risk of developing PHN. A recent Cochrane review of five trials comparing acyclovir to placebo and one trial comparing famciclovir to placebo found little difference in prevalence of PHN 6 months after rash onset; however, the meta-analysis was limited to two of the acyclovir trials with the required data (summary RR 1.05; 95% CI, 0.87-1.27) [83] . This finding partly contrasted previous reviews in which different definitions of PHN were used. These meta-analyses found some evidence of an effect of acyclovir on reducing frequency of PHN [84] . A randomized controlled trial of 419 adults showed a significant reduction in median duration of PHN (although no reduction in PHN incidence) when famciclovir was given using a standard regime [85] . The authors of the Cochrane review suggested further trials be conducted on famciclovir and valacyclovir to clarify their role in reducing duration and severity of PHN [83] . These newer agents are, however, significantly more expensive compared to acyclovir and are currently infrequently prescribed.
Antivirals may also be effective in protecting against incidence of zoster among severely immunosuppressed patient groups. For example, a double-blind, placebocontrolled trial of 77 patients undergoing allogenic hematopoietic cell transplant showed that 800 mg of acyclovir, given twice daily for 1 year after the procedure, significantly reduced the risk of zoster (HR 0.16; 95% CI, 0.04-0.74) [86] . With increasing numbers of people becoming immunosuppressed from modern therapies, antiviral use may be proven effective in reducing the incidence of zoster and its associated morbidity in certain high-risk groups.
Conclusions
The lifetime risk of zoster is high and has important consequences. The greatest breakthroughs in this field have arguably been the development of a highly effective, safe zoster vaccine that has the potential to significantly reduce incidence and morbidity of zoster and PHN, as well as a vaccine to prevent varicella, which could eventually lead to the appreciable reduction of the burden of zoster. Further research focusing on cost and logistics of the zoster vaccine needs attention due to its current low uptake in the United States. Despite the relatively high incidence of zoster in older individuals, relatively little is known about risk factors for zoster, and recent questions have been raised about risks associated with specific co-morbidities. Better understanding of the determinants of zoster could be an important step in preventing herpes zoster episodes and identifying target groups for the vaccine.
